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ABSTRACT 
Quantitative evaluation of computer-processed 
ERTS MSS data classifications has shown that major 
crop species (corn and soybeans) can be accurately 
identified. The classifications of satellite data 
over a 2000 square mile area not only covered more 
than 100 times the area previously covered using 
aircraft, but also yielded improved results through 
the use of temporal and spatial data in addition to 
the spectral information. Furthermore, traininq 
sets could be extended over far larger areas than 
was ever possible with aircraft scanner data. And, 
preliminary comparisons of acreage estimates from 
ERTS data and ground-based systems agreed well. 
The results demonstrate the potential utility of this 
technology for obtaining crop production information. 
Crop identification has long been recognized as one of 
the potential applications of remote sensing. In fact, accu- 
rate identification of crop species is a prerequisite to de- 
riving crop groduction estimates (acres x yield per acre) 
from remotely sensed multispectral measurements, and the val- 
ue of this type of information is substantial. It is used in 
managing production, storage, and transportation and in de- 
termining the market price of crops. Additionally, the USDA 
uses crop production information in designing national farm 
programs and establishing import/export policies. 
Any improvement in the quality of this vital information 
could have far-reaching benefits. Eisgruber, ("Potential 
Benefits of Remote Sensing: The Actual Framework and Empiri- 
cal Estimate", LARS Information Note 03C872) shows that re- 
duction from three to two percent in the error of estimate 
for corn, soybean, and wheat production estimates would re- 
sult in 14 million dollars net social benefit to the country. 
Reduction to one percent would add another nine million dol- 
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l a r s .  More f requent  and t imely e s t i - a t e s  a lone,  even with- 
o u t  an accompanling improvement i n  accuracy, would r e s u l t  i n  
add i t i ona l  b e n e f i t s  (Ewart, "E f f ec t  of Information on Market 
Behaviorn,  Ph.D. d i s s e r t a t i o n ,  Purdue Univ., 1 9 7 2 ) .  
The wide a r e a  coverage of ERTS, combined with t h e  capa- 
b i l i t i e s  of computer da t a  processing,  o f f e r s  a unique oppor- 
t u n i t y  t o  reduce t h e  above-nm?imed error ef est lnate  
through reduct ion i n  sampling e r r o r .  Furthermore, t h e  se- 
q u e n t i a l  coverage c a p a b i l i t i e s  of ERTS may lead t o  b e n e f i t s  
a r i s i n g  from improvements i n  t he  frequency and t ime l ines s  of 
es t imates .  
Because of t he se  p o t e n t i a l  b e n e f i t s ,  t h e  o v e r 3 l i  objec- 
t i v e  of t h i s  research  has been t o  q u a n t i t 3 t i v e l y  eva lua t e  t h e  
u t i l i t y  of t h e  machine a n a l y s i s  of ERTS MSS d a t a  i n  i den t i fy -  
i ng  crop species .  Future i n v e s t i g a t i o n s  w i l l  v e r i f y  t h e  
u t i l i t y  of ERTS MSS d a t a  i n  i d e n t i f y i n g  crops over a wide 
range of environments wi th  d i f f e r i n g  s o i l s ,  c l imates ,  and cul-  
t u r a l  p r a c t i c e s  and make crop acreage e s t ima te s  f o r  l a r g e r  
geographic a r ea s .  
2. PROCEDURES 
The a rea  which was c l a s s i f i e 3  on t h e  b a s i s  of ERTS da t a  
(Dekalb, Lee and Ogle C o m t i e s  i n  nor thern I l l i n o i s )  con ta ins  
'IAghly product iva ,  l e v e l  t o  gen t ly  r o l l i n g  p r a i r i e  s o i l s  and 
is  in t ens ive ly  cropped. In  1972, about two-thirds of t h e  to-  
t a l  farm land was p lan ted  t o  corn and soybeans (Table 1). 
ERTS d a t a  analyzed came from Frame 101'1-16a93, which was 
acquired on August 9 ,  1972 .  
Ground t r u t h  d a t a  used t o  support  t h e  a n a l y s i s  cons i s ted  
of i d e n t i f i c a t i o n  of t h e  crop o r  use of over 500 f i e l d s  i n  
fou r  d i f f e r e n t  a r ea s  of t h e  t h r e e  count ies .  Crops i d e n t i f i e d  
tva.:e corn and soybeans, sorghum and a l f a l f a ,  and o t h e r  cover 
t l p e s  o r  land used i d e n t i f i e d  were hay, pas ture ,  and small  
g ra in  s tubble .  However, f o r  t h e  purposes of t h i s  ana lys i s ,  
only t h r e e  c l a s s e s  w e r e  considered: corn,  soybeans, and 
"o thern  ( a l l  cover o t h e r  than corn and soybeans, inc lud ing  
towns and highways). These 500 f i e l d s  were used f o r  t r a i n i n g  
the maximum l ike l i hood  c l a s s i f i e r  and t e s t i n g  t h e  accuracy of 
c l a s s i f i c a t i o n s .  
Most f i e l d s  could be accu ra t e ly  l oca t ed  i n  t h e  ERTS d a t a  
using a computer p r i n t o u t  image generated on t h e  b a s i s  of 
s t a t i s t i c s  from the nonsupervised c l a s s i f i e r .  Following t h e  
l oca t ing  procedure, a random s e l e c t i o n  of t r a i n i n g  f i e l d s  was 
made from each crop o r  cover type ( a l l  a v a i l a b l e  f i e l d s  no t  
used f o r  t r a i n i n g  were included i n  t h e  test s e t ) .  The number 
of corr and soybean t r a i n i n g  f i e l d s  var ied  from 3 t o  1 2  i n  
order  t o  a l low evaluat ion of t h e  number of t r a i n i n g  f i e l d s  on 
c l a s s i f i c a t i o n  performance. For t h e  "o ther"  c l a s s e s ,  two t o  
f o u r  fieids of each cover type were included i n  t h e  t r a i n i n g  
s e t .  
S t a t i s t i c s  f o r  t h e  s e l ec t ed  s e t  of s p e c t r a l  t r a i n i n g  
f i e l d s  were then computed and evaluated.  The "o ther"  c l a s s  
displayed much more v a r i a t i o n  than e i t h e r  t h e  corn and soy- 
beans which were found t o  be uniform s p e c t r a l l y  ( a s  ind ica ted  
by t h e i r  smal l  va r i ances ) .  Addi t iona l ly ,  t h e  f e a t u r e  se lec-  
t i o n  program t h a t  was run i nd i ca t ed  t h a t  bands 5 and 6 should 
give r e s u l t s  a s  gocd a s  e i t h e r  a  band 5 ,  6 ,  and 7 combination 
o r  a l l  four  MSS channels. C l a s s i f i c a t i o n  r e s u l t s  subsequent- 
l y  confirmed this. 
C l a s s i f i c a t i o n s  of each of t h e  t h r e e  count ies  were nex t  
c a r r i e d  o u t  u t i l i z i n g  a  t r a i n i n g  s e t  comprised of f i e l d s  from 
t h a t  county. This l ed  up t o  a  c l a s s i f i c a t i o n  of t h e  e n t i r e  
three-county a r ea  which was made using a  subse t  of t r a i n i n g  
f i e l d s  previously  used f o r  c l a s s i f y i n g  t h e  i nd iv idua l  coun- 
ties. Several  d i f f e r e n t  analyses  w e r e  a l s o  conducted i n  or-  
d e r  t o  answer b a s i c  ques t ions  concerning t h e  u t i l i t y  of t h e  
machine-processing of ER'TS MSS f o r  crop spec ies  i d e n t i f i c a t i o n .  
3 .  RESULTS 
The Dekalb County a r e a  was c l a s s i f i e d  f i r s t ,  us ing  a  
t r a i n i n g  set with 12 corn fields, 12 soybean fields and two 
t o  t h r e e  f i e l d s  f o r  each of t h e  "other"  c l a s se s .  An o v e r a l l  
t e s t  perfornance ( t o t a l  t e s t  po in t s  c o r r e c t l y  c l a s s i f i e d /  
t o t a l  t e s t  po in t s  c l a s s i f i e d )  of 83 percen t  was achieved f o r  
t h e  t h r e e  c l a s s e s  of corn, soybeans, and "other" .  0uantit.a- 
t i v e  r e s u l t s  from t h i s  c l a s s i f i c a t i o n  a r e  shown i n  Table 2 
! r~sul is  i n  t h e  o t h e r  two count ies  were s imi l a r . )  
A c l a s s i f i c a t i o n  map of corn,  soybeans, and "o ther"  pre- 
s e n t  i n  p a r t  of t h e  three-county a r e a  i s  shown i n  Figure 1. 
While u se fu l  i n  q u a l i t a t i v e l y  eva lua t ing  a c l a s s i f i c a t i o n ,  
such maps a r e  n o t  necessary t o  succes s fu l ly  determine crop 
acreages. Nor w i l l  it be necessary t o  c l a s s i f y  e n t i r e  a r ea s  
s ince  e s t ima te s  wi th  very smal l  sampling e r r o r  can be obtain-  
ed from c l a s s i f y i n g  a random s e l e c t i o n  of sample u n i t s .  
To tes t  ex t endab i l i t y  of t r a i n i n g  sets, t h e  t r a i n i n g  set 
from each county was used t o  c l a s s i f y  t h e  o t h e r  two count ies  
a l so .  Resu l t s  (Figure 2 )  show t h a t  equa l ly  good performance 
was achieved by us ing  any of t h e  t h r e e  t r a i n i n g  sets f o r  
c l a s s i f y i n y  the t h r e e ,  which a r e  15  to  25 miles apa r t .  I n  
f u r t h e r  t e s t s ,  t h e r e  was l i t t l e  d i f f e r e n c e  i n  c l a s s i f i c a t i o n  
performance f o r  two d i f f e r e n t  t r a i n i n q  s e t s  s e l ec t ed  i n  t he  
same manner (Table 3 ) .  
The next test was designed t o  determine i f  a reduct ion 
i n  t h e  number of f i e l d s  i n  t h e  t r a i n i n g  s e t  would br ing  a- 
bout a dzcrease i n  c l a s s i f i c a t i o n  accuracy. This tes t ,  car-  
r i e d  ou t  with t h e  Dekalb County d i t a ,  evalaat.ed t r a i n i n g  
sets composed of 12,  n ine ,  s i x ,  and three f i e l d s  each of corn 
and soybeans. Although t h e r e  was a decrease i n  t h e  accuracy 
of corn i d e n t i f i c a t i o n  i n  t h e  reduction from 1 2  t o  nine 
f i e l d s ,  t h e  reaa inder  of t he  t r a i n i n q  sets f o r  corn and the  
three-, six-,  and nine-soybean t r a i n i n g  f i e l d - s e t s  performed 
a s  w e l l  a s  the  12 (Figure 3) . 
The ex tendab i l i t y ,  v a r i a b i l i t y ,  and s i z e  l i m i t a t i o n s  of 
t r a i n i n g  sets required t o  achieve accurate  c l a s s i f i c a t i o n s  
have a l a rge  impact on t h e  design and requirements of a 
ground observat ion slstem t o  use with  remote sensing. 
Preliminary comparisons between es t imates  from ERTS d a t a  
and es t imates  by USDA of t h e  percentage of t h e  a r e a  i n  t he  
t h ree  count ies  covered by corn and soybeans show t h a t  t h e  
es t imates  agree wel l ,  p a r t i c u l a r l y  f o r  corn (Table 4 ) .  I t  
should be noted t h a t  t h e  e s t ima te s  from ERTS d a t a  have been 
corrected f o r  c l a s s i f i c a t i o n  b i a s ,  (non-corn c a l l e d  corn,  
cte.: using information from test c l a s s  performance Lables 
such a s  i n  Table 1. There has no t  y e t ,  however. been any ad- 
justment f o r  t h e  highways, which a r e  over-represented and in-  
cluded i n  t h e  tabula t ion  of "other".  
Through use of a sample c l a s s i f i e r  which includes  spa- 
t i a l  information i n  t h e  c l a s s i f i c a t i o n  process ,  recogni t ion 
accuracy of corn and soybeans went up about f i v e  percent  
(Table 5 ) .  This c l a ~ s i f i e r  equ i r e s  input  of f i e l d  coordi-  
na t e s  which would make it d i f f i c u l t  t o  use f o r  making acreage 
es t imates .  
One of  t h e  impoxtant advantages of computer procesr ing 
of mu l t i spec t r a l  scanner d a t a  i s  tha+ d a t a  '--om two o r  ~ , . o ~ t  
d a t e s  can be included i n  t h e  same ana lys i s .  This i s  accom- 
pl ished by s p a t i a l l y  r e g i s t e r i n g  (overlaying) t h e  da ta .  I n  
many ins tances  t he  addi t ion  of temporal information i n  t h i s  
manner can be expected t o  impove  c l a s s i f i c a t i o n  performance. 
And, t he  c a p a b i l i t y  t o  r e g i s t e r  d a t a  f o r  successive d.ttes 
a l s o  means t h a t  f i e l d  coordinates  n ~ e d  be manually located.  
Temporal analyses  w i t h  August, September, and October d a t a  
have been conducted. Escognition of "other" was markedly 
improved, while corn and soybean recogniti.cn was unchanged. 
These prel iwinary r e s u l t s ,  however, do no t  represen t  t h e  
f u l l  p o t e n t i a l  of temporal information. Data from e a r l i e r  
i n  t he  growing rearon ahould give g rea t e r  improvamont i n  arop 
r rcogni t icn .  
4 .  SUMMARY AND CONCLUSIONS 
Computer a n a l y r i r  of ERTS MSS da ta  war rhown t o  bo an 
e f f e c t i v e  method for iden t i fy ing  a g r i c u l t u r a l  cropr  over l a rga  
a rear .  When f u l l y  developed, t h i r  c a p a b i l i t y  ahould lead t o  
improvement8 i n  t h e  prec ie ion  ane t imel inera  of crop produc- 
t i o n  as t imatea.  
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Tabla 1. Cro? acreage8 and percent  a g r i c u l t u r a l  land i n  
three-county t e a t  r i te .  
Total  1971Corn 1971Soyboan POrOOnt 
Area Acreago Aaraaga Farmland 
Are a (000  Acror) iOC0) (000) i n  1971 
Dokall: Co, 419 194 8 0 9 0 
Ogle Co. 487 206 4 7 9 3 








Tota l  1339 5 8 5 217 93 
black: Corn gray: Soybeans white : @'Other " 
Figure 1. Computer c laes i f i ca t ian  map of corn, soybeans, 
and "other" f o r  Dekalb, Cgle, and Lee Counties, 
Illinois, 
Table 2. Classification of corn, soybean, and "other" t e s t  
f i e l d s  by computer analysis of MSS data. 
Percent 
No. No. Points Classified A8 Correctly 
Crop Points Corn Soybeane "Other" Classified 
Corn 3968  3 3 6 7 357 2 44  8 5 
"Other" - 195 16 - 50 - 2 3 4 7 9 
Total 5376 3498 1262 611 
Overall Pexfarmance: 8 3  percent 
DeKalb Co. Ogle Co. Lee Co. 
Training Set Origin 
Figure 2 .  Test of the e x t e n d a b i l i t y  of tra in ing  sets .  
Corn Soybeans 
No. Training Fields 
Figure 3 .  Influence o f  t ra in ing  set s i z e  on - - . *  i f icatfon 
perf  crrnance. 
Table 3. Comparison of test field classification accuracy 
for two randon selections of training fields 
Overall Classification 
Performance (% Correct) 
Area Classified Traininu Set 1 Trainins Set 2 
Dekalb Co. 8 3 8 1 
Ogle Co, 7 9 7 8 
Lee Co. 8 1 7 5 
Table 4. Comparison of USDA acreage estimates with estimates 
derived from computer analysis of ERTS data (Dekalb, 
Ogle, and Lee counties, Illin~ls~ 
- 5'5 UA ERTS 
(Percent of Total Area) 
Corn 4  0 4 0 
Soybeans 17 2 3 
"Other" 4 3  3  7 
Table 5. Use of spatial information (sample classifier) in 
addition to only spectral information (point 
classifier) 
Point Sample 
% Correct 
Corn. 
S,.ybeans 
"Other" 
Overall 
